Objectives: The Great East Japan Earthquake and subsequent tsunami cause largescale destruction in the north-eastern coastal areas in Japan, and forced many survivors to relocate to prefabricated temporary housing, a typical emergency accommodation.
Methods: A repeated cross-sectional health survey based on self-reported questionnaire was conducted in 2776 disaster survivors, of whom 1446 participants underwent dental examination by dentists. Housing type was categorized into three groups including the same housing as before the earthquake, temporary housing and rented/new housing. The association of housing type with subjective toothache prevalence was examined using multivariate logistic regression analysis in all subjects and subgroup analysis in dental examination applicants. Stratified analysis by survey wave was applied with inclusion of covariates such as the socio-demographic factors, and presence of insomnia and psychological distress. In subgroup analysis, presence of dental caries and gum problems in dental examination were included as factors of direct exposure to subjective toothache.
Results: In the first survey wave, the participants living in the temporary housing had significantly higher odds ratio (OR) for toothache prevalence compared to the participants living in the same housing (OR: 3.76, 95% confidence interval [CI]: 1.85-7.65, P < 0.001); whereas in all other survey waves, there was no significant difference. Subgroup analysis of dental examination applicants confirmed the presence of significant association of subjective toothache prevalence in the temporary housing group alone (OR: 3.27, 95% CI:
1.38-7.76, P = 0.004), but not in the rented/new housing group (OR: 1.50, 95% CI: 0.57-3.91, P = 0.411), even after adjusting for covariates related to oral findings.
Conclusion:
Temporary housing may be a factor to increase the risk of subjective toothache among disaster survivors only at postdisaster acute phase.
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| INTRODUCTION
The Great East Japan Earthquake (GEJE) and devastating tsunami destroyed almost 400 000 buildings in the north-eastern coastal areas in Japan in March, 2011. 1, 2 Over 260 000 survivors were forced to evacuate from their hometowns, and most of them had to relocate to unfamiliar setting. 3 In particular, prefabricated temporary housing, a typical government-issue emergency accommodation to temporarily secure survivors who lose places of residence in a disaster, are generally poor living environments owing to insufficient air conditioning and acoustic insulation. 4, 5 The local government defined the entry criteria for relocation to prefabricated temporary housing as any person who has lost a place of residence owing to the GEJE and has difficulty securing new dwelling for long-term occupation through personal efforts, such as household economy. 6 Accordingly, almost half of the survivors relocated to prefabricated housing after the GEJE and had to adapt to and/or establish a new socio-economic situation and lifestyle. [6] [7] [8] Thus, residential issues in prefabricated housing can have additive impact on the psychosocial status of disaster survivors. 4, 5 However, the impact of residence in prefabricated housing on oral health as compared to other residences is unclear. Considering residence as an important social determinant of health, clarifying its effect is useful for developing and implementing future disaster recovery policy.
Natural disasters cause many public health problems owing to the sudden environmental changes associated with the collapse of social systems. 9, 10 Following transient psychological distress, the risk of depression and insomnia were commonly increased. [11] [12] [13] The field of disaster dentistry could play supportive roles in management of postdisaster distress among disaster survivors, 14, 15 as supported by the report of Kishi et al 13 indicating that serious psychological distress among GEJE survivors was strongly associated with lower oral health-related quality of life. Similarly, our previous reports indicated the increase in oral problems including subjective toothache among the GEJE survivors, with robust associations with psychological distress and insomnia. 16 Thus, the impact of psychosocial distress on pain sensitivity and chronic pain disorders at postdisaster has been established; [17] [18] [19] [20] whereas, to our knowledge, there is no study showing the association between toothache and postdisaster distress. We hypothesized that residential environment as the main factor of psychosocial exposure at postdisaster may be associated with the distress responses among GEJE survivors.
Toothache originating from the dental pulp and/or periodontal tissues generally has typical clinical characteristics; however, dentists sometimes encounter cases with toothache without finding of odontogenic causes, that is nonodontogenic toothache. 19, 21, 22 It is often observed in patients with orofacial pain disorders such as temporomandibular disorders, trigeminal neuralgia, and myofascial pain syndrome, with accompanying difficulties in definitive diagnosis and treatment. 20 In a study using population-based data in Korea, Chung et al 20 reported that among orofacial pain symptoms, toothache was the most common accounting for 26.8% of cases with 6-month prevalence. Since the negative impacts of psychosocial distress on nonodontogenic toothache in orofacial pain disorders have been investigated, 19, 21, 22 nonodontogenic toothache due to postdisaster distress is a potential factor impacting higher prevalence rate of subjective toothache among the GEJE survivors. Thus, in addition to a repeated cross-sectional analysis on the association between subjective toothache and housing types, we determined the association of subjective toothache prevalence among residents in temporary housing after adjustment for the presence of oral findings in individual dental examination.
The aims of this study were to investigate (a) the influence of living environment of temporary housing on the prevalence of subjective toothache after large-scale natural disaster; and (b) the association of subjective toothache prevalence among residents in temporary housing after adjustment for the oral health-related variables.
2 | METHODS
| Study population
To assess the health status of the GEJE survivors, repeated cross-sec- 
| Individual dental examination
Individual dental examinations using dental mirror and explorer by total 31 dentists affiliated with Tohoku University Graduate School of Dentistry were conducted in all applicants (1446 of 2398 participants, 665 men and 781 women) within 1-year interval from occurrence of the GEJE (in conjunction with the first and second waves of the health survey). The study design of dental examination through this survey has been previously described. 23 In brief, the aims of dental examination were to investigate the oral health status (dental caries prevalence, periodontal problems like gum bleeding, oral hygiene and dental treatment needs based on oral findings) among the disaster survivors, to integrate individuals' oral health at postdisaster. After completion of dental examination, the dentists explained the oral findings and provided some professional advice including recommendations for dental visit to each of the participants. In terms of inter-examiner calibration, all participating dentists underwent training before the survey per World Health Organization (WHO) guideline. 24 Thus, to avoid selection bias regarding dental visits in applicants undergoing multiple examinations, we used the data from first dental examination alone in each applicant. After excluding the data of 194 persons with invalid responses/data or no consent, data of 1252 individuals were used in the subgroup analysis ( Figure S1 ).
| Subjective toothache as main outcome variable
Subjective toothache within the past several days was determined through self-reported questionnaire item, "Do you have a toothache?". 16 The response options were "Yes" and "No". The questions were based on the Comprehensive Survey of Living Conditions, a national survey in Japan. 25, 26 In this study, the presence of subjective toothache was consistently used as the main outcome variable.
| Housing types after the GEJE as main exposure variable
Participants circled the most appropriate housing type after the GEJE as their current residence from among the following options: "same housing as that before the GEJE" (no relocation), "prefabricated temporary housing," "private rental housing," "houses of relatives or acquaintances," "reconstructed housing," or "other". 6 In this context, prefabricated temporary housing was a typical government-issue emergency accommodation to secure survivors who had lost their places of residence in the disaster. Meanwhile, although changes in living environment at relocation varied, "privately rented housing," "relatives' home" and "reconstructed housing" were placed under category of "other" due to property of shared dominant-living environment as compared to prefabricated temporary housing. Thus, the housing type as main exposure variable was categorized into three groups including the same housing, temporary housing and rented/new housing.
| Covariates
Recently, people living in prefabricated housing tended to elderly, economically disadvantaged, and health status of prefabricated housing dwellers was exacerbated over time after the GEJE, possibly due to employment and income issues at postdisaster, 4-6 which were potential factors associated with toothache. 8, 16 Therefore, socio-demographic characteristics, lifestyle, and health condition variables were included in the analyses as covariates such as the subjects sex, age, subjective economic status, smoking habits ("Yes" or "No"), and psychological distress using the six-item Kessler Psychological Distress Scale (K6), 27, 28 and insomnia using the eight-item Athens Insomnia
Scale (AIS-8).
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The participants were divided into the following five groups In subgroup analysis to determine significant association of subjective toothache prevalence with residence after adjustment for oral health-related mediators, the presence of dental caries, gum bleeding and dental treatment needs from data of individual dental examinations were included in the model.
| Statistical analysis
Descriptive statistics are presented as numbers and percentages (%).
Age-, sex-and multivariate-adjusted (sum of all covariates) logistic regression models were used to examine the association between toothache prevalence and housing type. Odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated for toothache prevalence.
For main analysis, stratified analyses by each survey wave were applied. Statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) version 24.0 software (SPSS Japan Inc., Tokyo, Japan). All tests were two-tailed, and P < 0.05 was considered statistically significant.
| Ethical considerations
The study protocol was reviewed and approved by the Ethics Committee Prevalence indicates the subject number with toothache (%).
housing types, respectively (Table S1 ). In all survey waves, 314 (3.6%), the cumulative total of 8786 participants had toothache prevalence ( Table 2) . Compared with the participants living in the same housing (2.3%), the mean prevalence of toothache over all time points was higher in participants relocated at postGEJE (4.6% in temporary housing and 3.3% in rented/new housing). Prevalence of toothache by housing type in each survey wave is shown in Table 2 .
The highest prevalence of toothache among housing types was observed in respondents living in temporary housing at the time of the first wave (7.9%).
| The association of housing type with toothache prevalence after stratification by survey wave
In main analysis, responses to the questionnaire survey were analysed under stratification by survey wave. Adjusted ORs (95% CI) for the toothache prevalence at each survey wave are shown in Table 2 .
A significant OR for the same housing group was found only among participants living in temporary housing at the time of first wave (OR: 3.76, 95% CI: 1.85-7.65, P < 0.001), but all others did not show any significance after adjusting for all covariates including sociodemographic factors, psychological distress and insomnia; whereas, a significant higher odds ratio was observed for temporary housing residence in the age-and sex-adjusted model of the second wave survey participants alone (OR: 2.98, 95% CI: 1.22-7.30, P = 0.017).
| Subgroup analysis of dental examination applicants
In subgroup analysis, data of the applicants who underwent professional individual dental examination were analysed together, enabling clarification on whether the association between the temporary housing type and prevalence of subjective toothache remained significant after adjusting for oral health-related mediators such as the presence of dental caries, gum bleeding or dental treatment needs.
Similar to the results obtained from analysis of the total data set (Table 1) , the descriptive statistics in the subgroup analysis indicated more residents with subjective toothache in the prefabricated temporary housing group (Table S2) . ORs for the prevalence of subjective toothache using the same housing as reference, remained significant only in the temporary housing group (OR: 3.27, 95% CI: 1.50, 95% CI: 0.57-3.91, P = 0.411), even after adjustment for all covariates including the presence of dental caries, gum bleeding or dental treatment needs (Table 3) .
| DISCUSSION
This repeated cross-sectional study including a large population sample of survivors of natural disaster revealed that the prevalence of subjective toothache varied according to housing type. The results of subgroup analysis indicated that significant association of the subjective toothache prevalence among residents in temporary housing remained after adjustment for oral findings in individual dental examination by dentists. To the best of our knowledge, this is the first report of residential environment impact on toothache risk.
Compared with the nationwide prevalence of subjective toothache among the general population in Japan (1.8% in 2016), 30 the total (3.7%) and highest prevalence (7.9%) observed among the GEJE survivors were potential factors to negatively impact the subjects' health status. The most crucial finding was that significant association between the housing type and subjective toothache was observed only in the prefabricated temporary housing group, the most distressful residence. 4, 5 In contrast, a previous study indicated that favourable housing conditions may contribute psychological well-being. 31 Since psychosocial problems such as distress and insomnia have been established as aggravating factors in chronic pain disorders including orofacial pain disorders, 17, 18, 32, 33 the poor residential environment in this study was a factor to impact on the persistent increase in the subjective toothache prevalence among the GEJE survivors. Disaster survivors living in temporary housing suffer not only from the psychological, but also biological stress caused by residential issues such as unstable temperature and humidity, and acoustic problems. [34] [35] [36] Therefore, in the management of oral health in the field of disaster dentistry, dentists and dental hygienists should have clear understanding of the higher distress-associated toothache prevalence at postlarge-scale disaster acute phase.
Subgroup analyses including oral findings through professional dental examination may support our hypothesis that residential distress impacts the risk for subjective toothache among the GEJE survivors, because of less mediating effects on the oral health-related variables. Furthermore, participants with subjective toothache without any oral finding and recommendation for dental treatment, based on individual dental examinations by dentists comprised descriptive characteristics in the temporary housing group (Table S2) . Although we could not exclude other oral diseases causing toothache such as dentin hypersensitivity and dental trauma, subjective toothache observed among the residents in temporary housing potentially included more toothache cases with diagnostic difficulties to identify the odontogenic origins, as well as nonodontogenic toothache. 19, 22 Considering the importance of definitive diagnosis in patients with nonodontogenic toothache, future studies using radiographic images are warranted to clarify the higher prevalence of distress-associated toothache at postdisaster.
This study has several strengths as well as limitations. The strength was that the survey was conducted at immediate postdisaster with follow-up over a relatively long period. However, with regard to the study's limitations, we were unable to clarify the longitudinal association such as pain history between subjective toothache and housing type. In addition, cross-tabulation using longitudinal observations in 186 subjects at all survey waves indicated higher prevalence of subjective toothache among residents in prefabricated temporary housing (Table S3) . Second, housing quality and satisfaction among participants were not assessed. Additionally, it is difficult for survivors at immediate postdisaster to judge the status of current and previous housing without emotional bias. 37 Similarly, the fundamental psychosocial and oral status of participants, especially residents in temporary housing at predisaster were mostly unknown. Matsuyama et al 8 reported that the survivors' low socio-economic condition due to the GEJE increased the tooth loss.
Since the entry criteria for relocating to prefabricated temporary housing partially included the income limits on applicants for living expenses, 6 we cannot rule out selection bias due to low health status among low-income people living in temporary housing. Thus, T A B L E 3 Adjusted odds ratios and 95% confidence intervals for toothache prevalence: subgroup analysis among participants undergoing individual dental examination Additionally adjusted for presence of dental caries, gum bleeding, or dental treatment needs.
future studies with appropriate design are warranted to clarify the association between toothache and postdisaster distress.
In conclusion, repeated cross-sectional study including large-scale population of GEJE survivors indicated a strong association between temporary housing and subjective toothache prevalence, though the increase in the prevalence of subjective toothache was observed at postdisaster early phase. 
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